An investigation into the genetical control of the cell cycle in S. pombe (fission yeast) has identified 14 genes involved in DNA synthesis, nuclear division and cell division. Two further genes wee 1 (referred to as cdc 9 in Nurse, J 'fature, 256, 547, 1975) and wee 2 are involved in the mechanism that determines cell size at division. All the mutants isolated in these genes (9 for wee 1 and 1 for wee 2) divide at about half the wild-type size. Study of temperature alleles of wee 1 and wee 2 has demonstrated that both genes are involved in a size control over nuclear division. The genes wee 1 and wee 2 map on different chromosomes.
transferase centre of the 60S ribsome subunit (Carrasco et al., Biochein. Biophys. Ada, 312, 368) .
Trichodermin-resistant mutants of Sch. pombe have been isolated and genetical studies have
shown that their resistant phenotype results from mutation in one or more nuclear genes. Spontaneous mutation to trichodermin-resistance occurs at a sufficiently high frequency to permit the detection of mutants in continuous cultures grown in simple chemostats. In the absence of the antibiotic both resistant and sensitive cells have indistinguishable growth rates. The value of this forward mutation system for mutational studies in continuous cultures will be discussed.
CULTURE AGE AND MUTAGEN SENSITIVITY OF THE YEAST, SAC CHAROM YCES CEREVISIAE J. M. PARRY, E. M. PARRY and P. J. DAVIES
Department of Genetics, University College of Swansea
Yeast cultures progressing from the exponential to the stationary phase of growth show changes in their sensitivities to the lethal, growth inhibitory and genetic effects of physical and chemical agents.
Exponential phase cells show maximum resistance to UV light and ionising radiation induced cell death and growth inhibition but maximum sensitivity to chemical mutagens. At equivalent mutagen doses mitotic gene conversion was maximally induced in stationary phase cells after all mutagen treatments. However at equivalent survival levels UV light exposure produced identical frequencies of convertants under both culture conditions whereas both nitrous acid and ethyl methane sulphonate (EMS) treatment produced maximum gene conversion during the stationary phase of growth. The results suggest that a larger proportion of chemically induced DNA lesions are repaired by a recombination process during the resistant stationary phase of growth.
The treatment of growing yeast cultures with radioactive EMS indicates a preferential uptake of the chemical mutagen into nucleic acids during the exponential phase of growth.
Thus at least a fraction of the variation in cell sensitivity observed during the different growth phases may be due to differential uptake of chemical mutagens.
The growth phase responses of yeast cells to both physical and chemical mutagens were shown to be dependent upon the functional integrity of the RAD50 gene. Diploid cultures homozygous for rad50/rad50 lack the exponential phase resistance to UV light and show enhanced sensitivity to chemical mutagens during exponential phase.
TWO-STRAND MUTATIONS IN ULTRAVIOLET-IRRADIATED YEAST CELLS
A. P. JAMES and B. J. KILBEY Department of Genetics, University of Edinburgh A system that combines pedigree analysis and tetrad analysis is being used to study the mechanism of UV mutagenicity at the molecular level. The technique utilizes diploid cells of S. cererisiae in GI phase and involves the induction and detection of individual recessive lethals and semi lethals.
At low doses (90 per cent survival), these mutations are induced with a frequency of about 30 per cent. Each mutation produces a characteristic phenotype in spore segregants, a fact which permits the identification of independent mutations in the mitotic progeny of a single irradiated cell.
The majority (75 per cent) of the mutations are expressed in each of the mitotic products of the first post-irradiation cell division, a direct demonstration that a UV-induced lesion usually produces identical mutations in both strands of the DNA molecule. The implications of these and later results will be discussed. When UV damaged DNA is replicated in Escherichia coil the daughter strands Contain gaps, apparently opposite dimers in the parental strands. These gaps are subsequently filled, primarily by recombination. UV-induced mutations appear to arise in an excision-deficient strain through the error-prone filling of a specific small proportion of daughter-strand gaps.
EVIDENCE FOR AN ERROR-FREE, EXCISION-DEPENDENT MODE OF
We will present evidence that the probability of a daughter-strand gap giving rise to a mutation is very much lower in an excision-proficient strain. We therefore conclude that there exists an excision-dependent mode of post-replication repair and suggest the following model: (1) In an excision-deficient strain, mutations arise from overlapping gaps on opposite daughter strands which cannot undergo normal recombination repair and ultimately undergo error-prone repair. (2) In an excision-proficient strain, where daughter-strand gaps overlap, the parental strands reanneal, allowing excision repair to occur and for this reason, overlapping gaps do not normally lead to mutation. We will show how the model can be used to explain a number of phenomena, including mutation frequency decline. Finally we will suggest that rnfd mutants of Escherichia coil show properties expected of a mutant deficient in a post-replication excision process. Fibroblast cell strains from xeroderma pigmentosum patients, a sun-sensitive child and ataxia telangiectasia patients have been examined for Cross sensitivity for cell killing to 245 and 310 nm ultraviolet light, gamma irradiation, mitomycin C, methyl methanesulphonate and N-hydroxy-acetylaminofluroene.
CROSS SENSITIVITY TO MUTAGENS IN
Cells derived from XP patients are sensitive to UV light and N-OH-AAF while cells from AT patients appear only to be sensitive to gamma irradiation. The existence of endonuclease defects in (most) XP's and also AT cells suggests that the endonucleases which are defective are specific for either UV or gamma ray induced damage. The cells of patient 11961 shows no defect in any known repair pathway and appear to be sensitive only to 254 nm UV light. In this instance it is possible to propose the existence of as yet unrevealed repair processes or the possibility that the damage may not be in nucleic acid. It has been known for some time that the senescent phase of cultured human embryo fibroblasts is characterised by a high level of chromosome aberrations (Saksela and Moorhead, Proc. Xat. Acad. Sci., 50, 390-395, 1963) .
In a study on senescent Wl-38 and MRC-5 fibroblasts not only was there a rapid increase in aneuploidy and polyploidy but also a number of other unusual features. A rising frequency of dicentrics was observed, often in cells where there were no visible fragments or other chromosome abnormality. Banding revealed that many of the dicentrics appeared to be end-to-end fusions of whole chromosomes. The involvement of chromosomes was nonrandom with the two lines showing different specificities. The lack of exact specificity and the observation that dicentrics were only found at a high frequency in very senescent cultures supports the view that cells with dicentrics do not represent clones in which stable dicentrics 37/1-K are carried from one cell generation to the next. The dicentrics may be the result of a decrease in the stability of telomeric sequences or associated enzymes which may also occur when somatic cells age in rico.
CORRELATIONS UNDER ASSORTATIVE MATING:
A Unconventional infections can produce ataxias and dementias in humans (e.g. CreutzfeldtJakob disease) and degenerative encephalopathies in other animals (e.g. scrapie in sheep). These diseases resemble premature ageing in a number of respects. Except when injected into the brain, the infectious agents which cause them depend, for replication, on some as yet unidentified parts of the host's immune system being functional. The host's genotype controls the liability to infection and the details of agent replication, besides generally controlling immunological development and function. The incubation periods for different agent-strain/host-genotype combinations range from 10 per cent to over 100 per cent of the normal host lifespan.
As it is initially difficult to establish the infectious basis of these degenerative diseases, the question arises of what should be regarded as the normal processes of C.N.S. senescence. GENETICS AND AGEING The connection between genetics and ageing may be considered from two different, though not necessarily conflicting, points of view. The first relates to the fact of genetic control in the processes of ageing and death of iomatic cells. The mutation theory, the protein-error or error-catastrophe theory and the developmental theory of ageing differ widely as to the relative roles they ascribe to genetic and to chance factors. The second point of view bears on the relation between parental ageing and the eventual transmission of modi-fled information to the offspring. Such transmission results in phenotypes or genotypes varying as a function of parental age. The permanency, non-permanency, accumulation and/or reversion of such variation depends upon the type of age-linked modified information involved which may be purely genetic or may be related to various genetic control systems. The viability and integrity of cells depends on the fidelity of information transfer between macromolecules. The general error theory of ageing proposes that cellular senescence is due to a progressive breakdown in this fidelity. Initially, occasional errors in proteins may feed back into the machinery for transcription and translation, thereby leading to further errors.
As a result, the enzyme DNA polymerase will be progressively affected, and mistakes in genetic replication will then occur.
In microbial systems it is known that the presence of altered proteins (brought about either by mutation or the incorporation of amino acid analogues) can lead to a high frequency of mutations. Cellular ageing can be conveniently studied in human fibroblasts, which cannot be propagated indefinitely in culture. It has been shown in several laboratories that their senescence is accompanied by the production of altered enzyme molecules, chromosome defects and a loss of repair capacity. Evidence has also been obtained for a rapid build up of gene mutations at the very end of the lifespan. Furthermore, DNA polymerase partially purified from these cells has now been examined for fidelity in DNA synthesis using an in vitro assay. With defined templates containing only two complementary nucleotides, it has recently been shown that the enzyme from senescent cultures misincorporates non-complementary nucleotides at a much higher frequency than that from healthy cells. The transcription of genetic information in specialised cells must be a rather vulnerable target for many deteriorative changes which accumulate with age. Different age-related changes in DNA (accumulation of single and double breaks, crosslinks within the DNA, or to proteins or amino acids, apurinic gaps or incorporation of abnormal bases, and so on) could directly change the transcribed message. The pattern of repressed and active genes, which depends on chromatin proteins, may be very sensitive to quantitative and qualitative changes in histone and non-histone proteins. Finally, errors in protein synthesis itself can induce direct and indirect changes in transcription by means of altered functional fidelity of DNA and RNA polymerases, regulator proteins and enzymes related to nucleotide metabolism.
AGE-RELATED CHANGES IN THE TRANSCRIPTION OF
The results of research carried Out to study the age-related changes in histones of rat liver, spleen and kidney indicated that the quantitative distribution of five main histone fractions (Fl, F2a1, F2a2, F2b and F3 ) is rather stable with age. However, when the less conservative lysine-rich F 1 histone fraction was extracted separately and was used for detailed subfraction analysis, clear tissue specificity and age changes in quantitative distribution of these subfractions was revealed.
PARENTAL AGE EFFECTS ON HERITABILITY J. A. BEARDMORE Department of Genetics, University College of Swansea
The heritability of a quantitative character in any population is generally recognised as being dependent upon the character chosen, the extent of genetic variability in the population 37/l_K* and the conditions of the environment in which the population lives. However, recent work has shown that variation in the internal environment of organisms associated with age can also cause dramatic and repeatable changes in heritability when progeny produced at different parental ages arc compared.
The nature of the causes of these changes is still unclear but the findings have implications of interest for the study of mechanisms of ageing and for evolutionary gcnctics. Whilst individually of low frequency, in total the conditions in man caused by single mutations, malformations of multifactorial etiology with a major polygenic component, and chromosome anomaly syndromes, comprise an appreciable proportion of the pathology identifiable at birth.
GENETICS
How differences in incidence of conditions in each of these categories are associated with parental age has been widely investigated. Recent studies are summarised and the findings reviewed in the light of theoretical expectation. The implications of parental age effects for genetic risks and hence family planning decisions arc discussed.
CHROMATIN STRUCTURE AND THE ROLE OF HISTONE PHOSPHORYLATION IN THE CELL CYCLE R. J. INGLIS Biophysics Laboratories, Portsmouth Polytechnic
Histones, the structural proteins in chromatin, have been widely studied in many differens organisms. There are five major classes, four of which (H2A, H2B, H3 and H4) are thought to be involved in the packing of the DNA into the " nucleosome " or " bead " structure (Kornherg, Science, 184, 868). The remaining Hl histonc does not appear to be involved in nucleosome formation, and is the one most extensively modified in vivo particularly by phosphorylation. By exploiting the naturally synchronous mitotic cycle of the Myxomycete P/jysarwn polycephalum it has been possible to demonstrate that the main period of Hl phosphorylation occurs during late G2 phase, and maybe involved in the initiation of chromosome condensation and mitosis.
CHROMOSOME INSTABILITY IN ASPERGILLUS NIDULANS J. A. ROPER Department of Genetics, University of Sheffield
Strains of A. nidulans with a chromosome segment in duplicate-one segment in normal position, one translocated to another chromosome-showed instability at mitosis. The most frequently detected events are deletions of part or all of the excess genetic material; variants with deletions emerge as sectors with a growth advantage (Bainbridge and Roper, 3. Gen. Microbiol., 42, 417, 1966) . Duplication strains show other, rarer phenomena including point mutations and possible transpositions of material from the duplicate segments to other positions in the genomc (Azevedo and Roper, Genet. Res., 16, 79, 1970) . All duplication strains studied are unstable but they vary in their deletion patterns (Birkett and Roper, unpublished) . The strains offer a means of studying the consequences of chromosome instability and of probing aspects of genome organisation (Birkett, unpublished) .
The behaviour of unbalanced diploids suggests inbalance as an important factor in the observed instability (Case and Roper, unpublished) while the increases of instability by caffeine, and by mutations affecting repair, implicates replication errors in the origin of deletions (Burr, Palmer and Roper, Heredity, 27, 487, 1971) .
CONTROL OF GENE EXPRESSION IN ASPERGILLUS NIDULANS
HERBERT N. ARST, Jr.
Department of Genetics, University of Cambridge I should like to contend that had Beadle and Tatum chosen Aspergillus nidulans rather than J'Teuraspsra crassa to ioitiate the study of biochemical genetics that our knowledge of the control of gene expression in at least lower eukaryotes would be considerably greater than it is at present. I shall discuss the advantages which A. nidolans offers as an experimental organism and then go on to show how these have been exploited to yield our current picture of the regulation of gene action in this organism.
CONTROL OF ct-GLUCOSIDE UTILIZATION IN SACCHAROMYCES NORMAN R. EATON Brooklyn College, City University of New York
Studies on the mechanisms regulating utilisation of a-glueosides by yeasts have been hampered by the inability to obtain mutants in the structural genes for the hydrolases involved. Comparisons of the rate of thermal inactivation of maltases from temperatures sensitive mutants and the parental strains from which they were derived have led various investigators to conclude that all of these maltases have comparable first order decay constants and are probably products of the same, as yet unidentified, structural gene. These studies have usually been done at temperatures of 500 or higher, at which virtually complete inactivation occurs within 8-10 minutes. At lower temperatures, however where the process can be analysed more precisely, heat inactivation of maltase preparations shows a marked deviation from the linear relationship expected of inactivation according to first order reaction kinetics. The curve obtained can be resolved into three linear components, reflecting the presence of at least three distinct maltases, each with its characteristic first order decay constant and each comprising a characteristic fraction of the total maltase of the cell. Five mutants, temperature sensitive for maltose fermentation, have been found to lack the relatively heat-stable maltase. Temperature sensitivity, therefore, appears to result from the absence of this maltase. Since the production of all three components is normally coordinately controlled, it is concluded that the temperature sensitive strains carry mutations in the structural gene for the missing maltase rather than in a regulatory gene. The soil protozoon Vaeg1eria gruberi possesses three phenotypes: the amoeba which feeds and divides, the flagellate which does not feed or divide but is nevertheless highly mobile, and the cyst. These phenotypes can readily be separated and their interconversions studied in the laboratory. Transformation from amoeba to flagellate takes about 100 minutes and involves a number of cellular events, including the cessation of cytoplasmie streaming, changes in the form and properties of the eel! surface and the synthesis and assembly of the mastigont system. Transformation is sensitive to a range of antibiotics and inhibitors and study of their effects shows that there is an early period of RNA synthesis followed by later protein synthesis. The flagellate stage is relatively transient, but it itself capable of morphogenesis in that it is able to regenerate amputated flagella. Flagellates can be induced to revert synchrossoosly and rapidly to amoebae, and this phenotypie shift does not depend on concomitant maeromolecular synthesis. Only the amoeboid stage can eneyst, and cysts can exeyst only to amoebae.
EVIDENCE OF MITOCHONDRIAL CONTROL OF CELLULAR ACTIVITY IN SACCHAROM YCES CEREVIS!AE I. H. EVANS and D. WLKIE Deportment of Botany and Microbiology, University College London
The cytoplasmic petite mutation can cause the loss of ability of cells to utilise one or more of the sugars galactose, a-methylglucoside and maltose depending on the strain. Cycloheximide and chlorimipramine tolerance of the yeast cells can also be affected. In crosses between different petites, recombination occurs with segregation of the various deficiencies and drug tolerances among petite diploids. Recombination also occurs in petite diploid progeny from petite X wild-type crosses. These results implicate a mitochondrial system other than energy provision, in the control of cellular functions based on the activity of nuclear genes.
A wide range of drugs which selectively inhibit mitochondria, also affect, but reversibly, these functions to a greater or lesser extent. The drugs include acrifiavine, 5-fluorouracil and adriamycin (inhibitors of transcription); erythromycin and chloramphenicol (inhibitors of translation); oligomycin, cyanide and antimycin A (inhibitors of respiration) and 2-6-diaminopurine and the carcinogen thioacetamide (inhibitors of biogenesis, unspecified in mode of action).
It is proposed that mitochondrial change brought about either by the petite mutation or by drugs, disrupts inner membrane structure and function, one of these functions being the regulation of expression of nuclear genes. Since phosphodiesterase and adenylate cyclase have been found in mitochondria, this control may be mediated through cAMP.
VIRUS-HOST CELL RELATIONSHIPS IN KILLER YEAST E. A. BEVAN Department of Plant Biology and Microbiology, Queen Mary College, University of London
The presence of two types of virus-like particles, V1 and V2, differing in the molecular weight of their dsRNA, confer on "killer" yeast cells the ability to secrete a toxin into the growth medium. This toxin kills cells of" sensitive " strains which may either lack both V1 and V2, or possess only the V1 particle. Both V1 and V5 particles are isometric, of mean diameter 39 nm, and possess coats which appear to be identical in protein composition.
The maintenance of V1 and V2 (and, thus, the two types of dsRNA) within the cells is dependent on the presence of several nuclear genes. Genetic crosses show a correlation between the presence of the particles and the nuclear gene + /mak 1; the V1 particles are inherited independently of the gene (i.e., show cytoplasmic inheritance, as expected), and V2 particles are present only in combination with those of V1 and the + allele of the gene.
Killer toxins produced by different strains of Saccharornyces cerevisiae, Candida albicans, Torulopsis glabrata and Saccharomyces drosophilarum differ in their biological activity. So far, four distinct groups, termed TOX1-TOX4, have been distinguished on the basis of (a) their ability to kill one another in media differing in pH value and (b) their reactions with three strains isolated as being resistant to the killer action of a TOXI killer strain.
Preliminary studies on the replicative cycle of V1 particles indicate the presence of both replicative intermediates of dsRNA and a capsid associated polymerase activity.
No infection of host cells by the virus-like particles has yet been demonstrated.
NOVEL EXTRAN UCLEAR CH LORAM PH ENICOL-RESISTANT PHENOTYPES IN ASPERGILLUS NIDULANS C. M. LAZARUS and G. TURNER

Department of Bacteriology, University of Bristol
The three extranuclear mutations previously described in Aspergillus nidulans were all isolated at remarkably low frequencies. Typically, the chloramphenicol-resistant extranuclear mutant (camA) (Gunatilleke, I. A. U. N., Scazzocchio, C. and Arst, H. N., Jr. (1975) , Molec. Gen. Genet., 137, 269 ) was isolated at a frequency of less than 2 per cent of all chioramphenicol-resistant mutants tested. It was isolated from a wild-type strain, which is not highly sensitive to chioramphenicol. We obtained chloramphenicol-resistant extranuclear mutants from a nuclear chloramphenicol-sensitive mutant, BO2 1.
Unlike the wild-type, BO21 shows marked growth inhibition by chloramphenicol at I mg/mi. From N-methyl-N'-nitro-N-nitrosoguanidine mutagenised conidia, large numbers of mutants resistant to 3 mg/mi chloramphenicol were obtained. Of 88 of these tested, 31 (35 per cent) proved to be extranuclear. Classification of 12 of these extranuclear mutants by growth on chloramphenicol-containing media revealed four phenotypic classes. However, extranuclear crosses with (camA), via heterokaryons, have so far failed to reveal any new genetic loci. Nevertheless it is possible that the production of large numbers of extranuclear mutants and the study of greater numbers of progeny will lead to the identification of new, closely-linked loci.
Another mutant has proved to be " chloramphenicol-indifferent ". Isolated as a slowgrowing strain producing small colonies on chloramphenicol-containing medium, its growth did not improve on drug-free media. Its cytochrome spectrum after growth on drug-free medium closely resembled that of wild-type strains grown on chioramphenicol-containing medium where mitochondrial protein synthesis is inhibited. These results suggest that the observed phenotype results from an alteration in the mitochondrial ribosomes. shows greater sensitivity than the wild-type strain to a number of unrelated antibiotics including oligomycin.
Out of a total of ii oligomycin-resistant mutants isolated on complete medium containing 1sg/nsl oligomycin, 10 were extranuclear and phenotypically similar to the previously isolated mutant (oliA 1), exhibiting slow growth on drug-free medium. In extranuclear crosses between these newly-isolated mutants and (oliAl) via heterokaryons, no wild-type recombinants were observed. When mutants were isolated following plating of B02 1 on minimal medium (on which it grows very poorly) containing oligomycin, 3 extranuclear mutants were detected in a total of 37 isolated. Of these, 2 were phenotypically different from (oliAl), exhibiting a low level of resistance to the drug, and a growth rate approaching that of the wild-type strain on drug-free medium. In extranuclear crosses with (oliAl), wild-type recombinants were obtained at a low frequency in both cases, though double mutant recombinants have not been detected. The results indicate the presence of a new locus (oliB) closely linked to (oliA).
INTERACTIONS BETWEEN NUCLEAR AND EXTRANUCLEAR
OLIGOMYCIN-RESISTANT MUTANTS OF ASPERGILLUS NIDULANS R. T. ROWLANDS and G. TURNER Department of Bacteriology, University of Bristol
The extranuclear mutation (oliA 1) of Aspergillus nidulans, which causes oligomycin resistance, altered cytochrome spectrum and impaired growth ability on drug-free media, was transferred asexually into a series of nuclear oligomycin-resistant mutants of a variety of phenotypes and wild-type growth ability and cytochrome spectra (Rowlands, R. T. and Turner, G. (1974) Molec. Gen. Genet., 132, 73) . A series of four double mutants was thus obtained possessing mutations to oligomycin resistance in both genetic systems, enabling the relative roles of nuclear and mitochrondrial DNA in mitochondrial biogenesis to be studied at the biochemical level.
In every case, the possession of the double nuclear plus extranuclear mutation led to an increase in the in vies level of drug resistance. In two cases, the growth ability of the double mutant strains was normal, while in a third it was intermediate between that of the nuclear and extranuclear single mutants and in the fourth case it was more impaired than that of the extranuclear single mutant. In both cases where the growth ability was impaired, the cytochrome spectrum remained altered, but where the growth ability was of the wild-type level, the spectrum was also wild-type. This latter observation indicates that the two nuclear mutations concerned have " corrected " or " over-ridden " the alteration to the cytochrome spectrum caused by the extranuclear mutation, implying that the nuclear gene product is interacting with that coded by the mutated mitochondrial DNA at the level of the mito- Soc., 1326 Soc., -1333 Soc., , 1974 ) and shown to be defective in the synthesis of ergosterol. We have tested the ability of D. melanogasier (four inbred lines and a recent isolate from the wild), D. snauritiiiana, D. simulans and D. virilis to grow and survive on standard mutants of the genes erg 2, erg3, erg5 and erg6 and wild type yeast. All of the Drosophila species fail to survive beyond first instar on erg6, which has the earliest block in sterol synthesis. On erg2 D. melanogaster survives only to pupation or third instar larvae whilst the other species survive for one generation only. Erg3 supports D. nielanogasier for one generation only but permits the continued growth of the other species; all four species survive well on erg5 and wild type yeast. These results will be discussed in terms of the sterols accumulating in the mutant yeasts and their metabolism by Two classes of mutation affecting cell division in Chlamydomonas are being studied. The first kind of mutation causes a delay in cell division but not in nuclear division and hence leads to the formation of multinucleated cells. The expression of this mutation can be easily quantified in terms of mean nuclei/cell and various factors which influence the level of its expression have been identified. They appear to share a common property of altering levels of internal sylphydryl compounds, notably cysteine. It is proposed that cell division in this mutant is hypersensitive to changes in internal sulphydryl levels.
The second class of mutants are resistant to specific antirnitotic agents such as coichicine, Waldron and Roberts (Molec. Gen. Genet., 134, 99, 1974) have described a cytoplasmically inherited cold sensitive mutation (CS67) of Aspergillus nidulans. This mutation was shown to give stable recombinants with chioramphenicol and oligomycin resistant mutations (Rowlands and Turner, Molec. Gen. Genet., 141, 69, 1975; Gunatilleke, Ph.D. Thesis, Cambridge, 1974) .
Nitrosoguanidine mutagenesis of (CS67) produced two classes of revertants-one class comprises nuclear suppressors mapping at two loci, located in chromosomes III and VII respectively. A sample of suppressors mapping at these loci were tested in diploids and found to be dominant. The second class of revertants consists of cytoplasmically inherited mutations. While eighteen of these restore wild type growth at 20°C, two result in partial suppression of the cold sensitive phenotype. The original cold sensitive mutant is separable by recombination from these two revertants but not from the other eighteen. It is not clear as yet, whether we are dealing with intra or extra cistronic suppression.
A possible interpretation of these results is that the cold sensitive mutation and at least the two nuclear suppressors are mutations in genes coding for different proteins in a mito- The niaD and nijA genes are the structural genes coding for nitrate reductase and nitrite reductase respectively. These enzymes catalyse the two steps in the assimilation of nitrate to ammonium. The two genes are closely linked on chromosome VIII but probably do not comprise an operon (Cove, Proc. Roy. Soc. Lund., 176, 267-275, 1970) . Most mutations in the niaD gene are not only unable to utilise nitrate, but are also resistant to chlorate. Spontaneous chlorate-resistant mutants include a frequent class having the phenotype of an niiA niaD double mutant, and these have been shown to be deletion mutants whicis have lost part of the niaD and niiA genes. The deletions have been used to map both the niiA and niaD genes in a system comparable to Benzer's ru system in bacteriophage T4. Research is in hand to map temperature-sensitive mutations in the hope of localising the regions of the genes responsible for the direct specification of the two enzymes.
Further mutations conferring resistance to chlorate apparently not affecting nitrate metabolism, have been located towards the end of the niiA gene furthest from niaD. It is unclear whether they map within niiA or in a new gene whose functions is as yet unknown. The normal function of L-asparaginase (E.C.3.5. 1.1) is to decompose asparagine producing L-aspartic acid and ammonium. In A. nidulans it also catalyses the reactions:
ASPECTS OF L-ASPARAGINASE
(1) asparagine + hydroxylamine-+aspartic hydroxamate + ammonium; (2) aspartic hydroxamate-*aspartic acid + hydroxylamine.
(Reaction 1) is used to assay asparaginase in A. nidulans by estimation of the aspartic hydroxamate product. The Km for asparagine is about 06 mss and for hydroxylamine about 83 mss. Aspartic hydroxamate is toxic for A. nidulans owing to the production of hydroxylamine by asparaginase. A number of mutants resistant to aspartic hydroxamate have been isolated-7 so far have proved to be allelic and map at the a/irA locus between abaA and paiB on linkage group VIII. The ahrA mutants have low or undetectable asparaginase activity and 4 are recessive in the heterozygous diploid. The measurement of asparaginase activity in cells grown on various nitrogen sources indicates that enzyme levels are regulated by ammonium repression. There is no evidence for induction of asparaginase by asparagine. In agreement with the hypothesis of ammonium repression it is found that ammonium protects the wild-type against aspartic hydroxamate toxicity, and ammonia does not protect various classes of ammonia-depressed mutants such as gd/iA, meaA and tamA' from the toxic analogue.
IN VIVO AND IN VITRO STUDIES OF NITRATE REDUCTASE
four non-allelic suppressor genes which are allele specific, recessive and fail to complement in doubly heterozygous diploids or dikaryons. These are properties predicted for missense su genes involving tRNA structural gene mutations (Todd and Casselton, J. gen. Microbial., 77, 197, 1973) . Extracts of the unsuppressed acu-134 mutant contain little acetyl-CoA synthetase activity but this is significantly increased by two of the su genes. All four su genes restore ability to induce isocitrate lyasc. At least five different suppressor genes suppress the met-51 mutation. All are allele specific, an indication that they cause translational correction of met-5'l. Two of the genes are recessive and show normal complemcntation in heterozygotes. These may act to alter enzymes which modify tRNA bases. Of the other three genes, two are recessive and show non-complcmcntation, the third is dominant. These are thought to be tRNA structural gene mutations. Dominance and recessiveness can be interpreted in terms of su tRNA concentrations in su+/su heterozygotcs.
DOMINANT AND RECESSIVE SUPPRESSOR GENES OF
NEW MORPHOLOGICAL MUTANTS IN COPRINUS CINEREUS AND THEIR BEHAVIOUR IN THE SYNTHESIS OF DIPLOIDS J. D. AMIRKHAN!AN and J. W. COWAN
Deportment of Plant Sciences, King's College, University of London A spontaneous occurring "dendroid" mutant (den2) has been isolated which maps on linkage group III and appears to be allclic with the "dendroid" first described by Cowan (1964 , Nature, 204, 1113 -1114 . Three other morphological mutants were induced by chemical treatment: zig, with characteristic " zig-zag" branching of mycelia, situated on linkage group III; star, which gives rise to star-shaped colonies, on linkage group" G ", and snos, with mosaic-like mycclial arrangement but with less compact growth than the others. A common A hctcrokaryon, hetcrozygous for den2 and zig in repulsion, was of normal morphology, and about 1 per cent of oidia from this gave risc to normal colonies, some of which were tested and found to be diploids. Scgrcgants similar to zig in morphology were obtained from oidia of a purified diploid when treated with UV light. Basidiospore progeny from crosses between the zig type scgregants and wild included morphological types attributable to den, zig and the double mutant den zig.
The original common A heterokaryon on the fourth day afrer inoculation of the parental strains developed sectors of abnormal morphology, which were neither zig nor den in nature. The genetic basis of this is being investigated. We have been studying the genetic and environmental interactions affecting the distribution of protoperithecia (the incipient fruiting bodies) in Sordaria. In this system the primary stimulus to protoperithecial production is contact between the vegetative mycelium and the walls of the containing vessel. A sterile mutant and a mutant with an altered distribution of protoperithecia have been isolated. Both these and wild type cultures have been analysed in an attempt to elucidate a biochemical basis for this response to the edge.
GENE-ENVIRONMENT INTERACTIONS IN MORPHOGENESIS IN
A correlation has previously been demonstrated between protoperithecial production in
